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UNITED STATES 

Patented July 4, 1905. 

PATENT OFFICE. 

REGINALD A. FESSENUEN, OF WASHINGTON, DISTRICT OF COLUMBIA. 

SIGNALING BY ELECTROMAGNETIC WAVES. 

SPECIFICATION forming part of Letters Patent No. ‘793,649, dated July 4, 1905. 

Application ?led March 30,1906. Serial No. 252,940. 

.To all whom, it m/rw/ concern: 
Be it known that I, REGINALD A. FcssnN 

DEN, a citizen or‘ the United States, residing at 
Washington, District of Columbia, have in 
vented or discovered certain new and useful 
Improvements in Signaling by Electromag 
netic Waves, of which improvement the fol 
lowing is a speci?cation. . 
The invention described herein relates to 

certain improvements in the generation, trans 
mission. and receipt of energy by electromag 
netic waves, but especially to controlling the 
generatlon or transmlssion of such electro—. 
magnetic waves, or both, by other waves orv 
impulses, such as sound-waves. ‘ 
The invention is hereinafter more fully de 

scribed and claimed. 
In the accompanying drawings, forming 

parts of this speci?cation, Figure 1 is a dia~ 
grammatic view illustrating a combination of 
parts or elements for the generation, trans 
mission, and wave control of electromagnetic 

Fig. 3 is a view, partly 
in side elevation and partly in section, illus 
trating a construction of high-frequency gen 
erator; and Figs. 4 and 5 are end views there 
of. Fig. 6 illustrates a manner of controlling 
the generation and transmission of electro 
magnetic waves at a central sending~station 
from a distant point, as a private telephone. 
Fig. 7 is a plan view of' a controlling-con 
denser shown in Fig. 6. Fig. 8 shows front and 
sectional elevations of the spark-gap mechan 
ism employed in Fig. 1. Fig. 9 shows simi— 
lar views illustrating the spark-gap mechan 
ism controlled by an ordinary wire telephone. 
Figs. 10 and 11 are diagrammatic views of re 
ceiving apparatus, and Fig. 12 is a diagram 
matic view showing a double telephone-re 
cciver in connection with a two-phase high 
frequency generator. 

In Fig. 1 is shown means for the generation 
of electromagnetic waves substantially similar 
to that shown in Fig. 10 of United States Let 
ters Patent No. 706,742, the continuous-cur 
rent dynamos 3 (one, two, or more in num 
ber) being driven by a suitable motor 17. 
l/Vhen two or more generators are employed, 
they are arranged in series, as shown, and 

V Fig. 2 is a similar view illustrating‘ 
certain modltications. 

{ have their terminals connected to the sending 
conductor and to ground. Suitable means 
are employed, as shown at 7, for regulating 
the ?ow of current from the generators. A 
circuit, including an inductance 8 and a capac 
ity 9, is arranged in operative relation to the 
sending-conductor and spark-gap (which is 
grounded) for the purpose of maintaining sus 
tained‘ oscillations of practically constant fre 
quency. One of the terminals 11 of the spark 
gap is attached to a diaphragm 10, which for ' 
telephoning would form the diaphragm of a 
transmitter. This terminal is electrically con 
nected to the conductor 1. The other termi 
nal 8 of the spark-gap is formed by a disk 12 
on the shaft of a suitable motor 4:, adapted to 
impart a high peripheral speed, which may 
be as high as seven miles per second to the 
disk and so arranged that the sparking termi 
nal 11 is eccentric to the axis of the disk, as 
shown in Fig. 8. The terminals of the spark 
gap may be formed of any suitable material, 
as platinum, iridium, aluminium, or carbon. 
One of the terminals, as 11, is connected to 
the sending-00nd uctor and the other to ground 
through a brush 13 bearing on the disk or its 
shaft. The circuit containing the condenser 9, 
inductance 8, spark-gap, brush 13, and leads 111 
and 15 is preferably tuned to the period of the 
sending-conductor. As the sparking terminal 
11 moves with the diaphragm 10 the vibration 
of the latter when acted on by impulses, such as 
sound-waves, will vary the length of the spark 
gap. and the discharge of potential will be re 
vsponsive to the pressure on the diaphragm. 
With the regulator 7 in a given position the 
number of discharges per second will depend 
upon the proximity of the discharge-termi 
nals, and this will also in?uence the potential 

. at which the condenser 9 is discharged, since 
the potential will depend upon the length of 
the spark-gap. If the circuit containing the 
inductance 8 and capacity 19 is tuned to the 
sending-conductor and the regulator 7 isacl 
justed to cause the number of discharges per 

53 . 

65 

85 

90 

second to be the same as the natural perio 
dicity of the sending-conductor, the number of , 
discharges per second, and hence the reso 
nance, will be altered by the vibration of the 
diaphragm 10. On the vibration of the dia IOO 
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phragm, which will respond to impulses such 
as sound-waves, the radiation from the send 
ing-conductor will vary in response to the 
sound-waves and the radiated electromagnetic 
waves will reproduce such vibrations in a 
suitable receiving apparatus~such, for ex 
ample, as that shown in Fig. 11. The induct 
ance 8 and capacity 9 may be omitted and 
the number of discharges per second he made 
as many as desired by means of the regulator 
7, only the capacity and inductance of the 
sending-conductor being used. 

In the construction shown in Fig. 2 I em 
ploy a high-frequency dynamo 18, preferably’ 
of the construction shown in Figs. 3, 41, and 5. 
his preferred to employ transformer 19 in 
connection with such a generator in» order to 
raise the voltage. A double spark-gap is em 
ployed, one of the terminals, as 25, being 
connected to the transformer and the sending 
conduetor, the latter connection being formed, 
if desired, by switch 24. The other outer ter 
minal 23 is connected to ground and to the 
opposite terminal of the transformer. The 
intermedial terminal 21, which is electrically 
connected to the send ing-condu ctor, is attached 
to a diaphragm 22— as, for example, the dia 
phragm of a transmitter. On exciting the 
transformer a discharge may be caused to pass 
from the terminal 25 to the terminal 21 and 
thence to terminal 23. The potential across 
the terminals 25 and 23 may be made to have 
any desired value by regulating the potential 
of the transformer 19 or the current flowing 
in the ?eld-circuit containing battery 26 and 
adjusting the resistance 28. If the switch 24} 
be left open, the potential of the intermediate 
terminal 21, and therefore that of the upper 
portion of the sending-conductor, will vary 
with the position of the terminal 21, and on 
the vibration of the diaphragm-caused, for 
example, by sound—waves—the intensity of the 
radiation from the sending-conductor will be 
caused to vary in a manner corresponding to 
the sound-waves. 

In order to overcome a scratching some 
times found in the telephone- receiver and 
probably caused by irregularities in the spark 
discharge, the terminals in the spark-gap in 
the forms of apparatus shown in Figs. 1 and 
2 may be adjusted. This adjustment, which 
includes the selection of proper material for 
the terminals and also regulating the size and 
shape of the terminals, is mainly determined 
by experiment to suit particular cases, depend 
ing upon the distance between the sending 
and receiving stations and other things. I 
have found aluminium, iridium, platinum, and 
carbon suitable materials for the terminals of 
the spark-gap. ' 

The apparatus may be used for the trans 
mission of ‘signals, such as words, by closing 
the switch 211 and adjusting the terminals of 
the spark-gap so that no discharge passes be 
tween terminals and, 21, but mainly be 

tween terminals 21 and This arrange 
ment gives good results, as the radiation from 
the sending-conductor will vary as the gap 
between the terminals 21 and 23 varies with 
the movement produced in the diaphragm by 
the sound-waves. The resistance 28 may be 
so constructed as to form a ?exible support 
for the terminal 25. Capacity and ind uetance 
may be arranged across the spark-gap in the 
same manner as shown in Fig. 1, if desired. 
The adjustment of the spark-gap is deter 
mined by trial, the parts being adjusted until 
sound is heard at the receiving end with the 
greatest clearness, distinctness, and loudness. 
A third method of using the apparatus 

(shown in 2) is to employ a telephone 
transmitter 27 as a resistance ‘for regulating 
the lield of the generator, which is preferably 
of small inductance. In such‘ case the termi 
nals 21 and 25 are brought into contact and 
the switch 24 opened. On speaking into the 
transmitter 27 the excitation of the lield of 
the generator will vary, producing a change 
in the intensity of the discharge between 21 
and 23 and of the electromagnetic waves 
emitted corresponding to the sound-waves. 
A fourth method of using this apparatus is 

to employ a dynamo capable of producingdi 
rectly in the sending-conductor the desired 
wave frequency-as, for example, a dynamo 
having frequencies up to three hundred thou 
sand per second and capable of radiating sev 
eral horse-power. In such case the terminals 
of the spark-gap are so separated that no dis 
charge will pass and the switch 211 is closed. 
Inductances and capacities may be used in the 
primary orsending circuit of the trai'lsformer 
19, as shown. On speaking into the trans 
mitter 27 the field of the dynamo will be varied 
and the intensity of the radiation from the 
sending-conductor will vary to correspond 
with the tones of the voice. The advantages of 
this method are printed out in Letters Patent 
No. 706,747, granted to me August 12, 1902. 

Several phenomena have been noticed in 
connection with these methods of wireless te 
lephony which are of interest. One is that 
under certain conditions not yet fully under 
stood the pitch of the transmitted speech may 
be raised, sometimes one octave and sometimes 
two octaves. This only occurs, however, with 
certain methods or with certain adjustntients 
and may in most cases be obviated by alter 
ing the adjustments. It does not, however, in 
any case seriously affect the distinctness of 
the speech. A second point of interest is the 
extreme clearness and sharpness with which 
the speech is transmitted, the sound appear 
ing at the receiving end is as if itdid not come 
from a telephone, but from a person speaking 
in the room very sharply and clearly. This 
statement does not, however, apply to the case 
where a telephone - transmitter is used for 
varying the-field excitation, as here the sound 
seems more like that of an ordinary telephone. 
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One cause of this extraordinary 'elearness of 
articulation is found in the fact that the ca- 
pacity effect, which‘is so prejudicial to good 
speech, is absent in the transmission of electro 

‘ magnetic waves and the higher harmonics of 
the voice ‘are transmitted without distortion. 
There is not the slightest doubt but that the‘ 
transmission of speech across the ocean is quite 
possible by this means. 

It is found the clearness of the speech va 
ries very considerably with the frequency of 
the discharges. With the apparatus described 
in United States Patent No. 706,747 the num-' 
ber of discharges was ten thousand per sec 
ond. With the apparatus described in Figs. 
1 and 2 ‘a frequency of twenty thousand was 
generally used with a marked improvement, 
and there would'appear to be some improve 
ment up‘ to as high as forty thousand dis 
charges per second. The fact may also be 
noted that sound may be transmitted from a 
very long distance with a comparatively low 
potential, even the potential used in an ordi 
nary electric lamp being, su?icient for com 

In practice, however, in many 
cases it is preferable to use higher voltage—— 
as, for example, ?fty thousand volts. The 
reason why lower voltages are used than those 
commonly used in wireless telegraphy is read 
ily seen when it is pointed out that at a fre-‘ 
quency of ten thousand per ‘second, corre 
sponding to twenty thousand discharges per 
second‘, a sending -'conductor of ordinary 
height and capacity Will’radiate half a horse 
power. ‘My experiments show that twenty 
?ve miles may be considered a minimum dis 
tance to which speech may be vtransmitted 
with this energy and voltage andthat there 
is every reason to believe that the distance 
really may be measured in hundreds of miles, 
with of course still larger distances with more 
power and higher potentials. This fact that 
it is possible to use low potentials is of con 
siderable value inasmuch as ‘it renders the 

'control of comparatively large amounts of 
sound—waves very‘ simple and easy, while to 
control a spark-‘discharge, such as ‘is used for 
ordinary wireless telegraphy,'would be very 
difficult. This ability to get speech over long 
distances is a peculiarity of the receiver de 
scribed in United States Patents Nos. 706,735, 
706,736, 706,744, 706,747, 715,043, 727,331, 
and elsewhere—t'. e.,'current-operated cumu 
lati'vely-acting receivers. in fact, it is hardly 
conceivable that wireless telephony should 
be possible without the use of receivers of 
this type,‘ as these receivers differ from the 
imperfect contact type, in thatv they conserve. 
and‘ store up the energy of a train'of dis 
charges and produce an‘indication propor-7 
tional tothe amount of energy in the train 
of'diseharges and not an unproportional indi 
cation affected by the wave of maximum in 
tensity which occurs in the train. 

In Figs. 3 and 4 is shown a construction of 

3 

high-frequency dynamo suitable for use in 
the apparatus shown in Fig. 2, the field being 
indicated at 30 andv the armature at 31. ' On 
the’ shaft 32 of the armature is secured a disk 
'33, having terminals 34 mounted thereon. 
These terminals, which are double the num 
ber of armature-segments, are moved past by 
the rotation of the disk, a terminal 35, car 
ried by a diaphragm, as in Figs. 1 and 2, or 
by a suitable ?xed support, as shown in Fig. 
3. As there are twice as many terminals ‘on 
the disk as there are segments in the arma 
ture, there will be two discharges for each al 
ternation. By the employment of additional 
terminals 36 and having on the disk a num-‘ 
ber of terminals 34 which shall be some mul 
tiple or submultiple of the number of arma 
ture-segments the apparatus may be arranged‘ 
to operate as a selector, as described and 
claimed in an application filed by me. 
field 30 may be caused to'rotate in a direction 
opposite that of the rotation of the armature, 
thereby giving a higher frequency. ’ 

In Figs. 6 and 7 I have shown a modi?ca 
tion of the method and apparatus illustrated‘ 
in Fig. 2 of United States Letters Patent No. 
706,747. The sending-conductor 1 is ground 
ed through a condenser formed by a metal 
diaphragm 38 and an adjustable metal disk 
39, said parts being arranged in‘a tank or shell 
45, containing gas under pressure and form 
ing a condenser, as described and claimed in 
an application for Letters Patent filed by me 
March 30, 1905. Suitable means are employed 
for generating electromagnetic waves consist 
ing of a source 44 of high-frequency voltage 
and a spark-gap 41 witha capacity 42 and an 
inductance 43 in shunt around the spark-gap. 
In practice the sending-conductor, including 
the capacity formed by 38 and 40, is tuned to 
the resonant circuit 42 43 preferably when 
the diaphragm 38 forms the armature of the 
electromagnet 48, which is controlled by the 
telephone-transmitter 51 through the battery 
50 and induction-coil 49. The condenser‘ 
formed by the parts 38' and 40 maybe located 
at any suitable place, as at a transmitting-sta 
tion outside of a city, and the transmitter 
51 may be the transmitter of any local tele 
phone in the city. 
is spoken into; the diaphragm 38 will be vi 
brated in correspondence with the sound 
waves and by reason of its movement relative 
to the'disk 40 will vary the intensity of the 
radiation from the sending-conductor in cor 
respondence with the sound-waves, and the 
varying radiations acting on the apparatus at 
the receiving-station will cause a reproduc 
tion of the words spoken at ‘the sending-sta 
tion. By this combination of ordinary and 
wireless telephony communication between 
telephones now in use in widely-separated 
places can be readily had. ' ‘ ' ' 

In Fig. 9 is shown means for operating the 
discharge-controlling diaphragm of Figs. 1 

The ‘ 

When the transmitter 51‘ 
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or 2 at a transmitting-station by a local-tele 
phone transmitter. As therein shown, the 
diaphragm 10 is vibrated by the electromag 
net 52, which, as in Fig. 6, is controlled by 
a local telephone transmitted through a bat 
tery and telephone induction-coil. The dia 
phragms 38 and 10 in Figs. 1, 2, 6, 8, and 9 
to the extent to where they are operated or 
controlled by magnetic means may be termed 
“ receiver-d iaphragms, ” as they operate as the 
diaphragm in the receiver of a telephone. 

In Figs. 10 and 11 are shown diagrammat 
ically suitable forms of receiving apparatus, 
53 being the receiving-conductor in operative 
relation to a receiving-circuit,including a cur 
rent-operated cum ulatively-acting receiver 54, 
a capacity 55, and potentiometer 56. A local 
circuit, including battery 57 and telephone 58, 
is controlled by the receiver 5ét. 

Fig. 12 illustrates means for utilizing the 
method described in application for Letters 
Patent, Serial No. 222,301, ?led August 26, 
190a, and consisting of a double telephone-re 
ceiver 59 in operative relation to an aerial 60, 
excited one by one phase and the other by the 
other phase of a two-phase high-frequency 
generator 62,‘ whereby one or the other re 
ceiver will be always active. 

I claim herein as my invention“ 
1. In a system of signaling‘ by electromag 

netic waves the combination of means ‘for the 
practically continuous generation of electro 
magnetic waves or impulses, a spark-gap and 
means for modifying or changing the intensity 
of the discharge across the gap without inter 
rupting their continuity. 

2. In a system of signaling by electromag 
netic Waves the combination of means for the 
practically continuous generation of electro 
magnetic waves or impulses, a spark-gap and 
means for continuously modifying or chang 
ing the intensity of the discharge across the 
gap without interruption of their continuity. 

3. In a system of signaling by electromag 
netic waves the combination of means for the 
practically continuous generation of electro~ 
magnetic waves or impulses, a spark-gap, and 
means for modifying or changing the intensity 
of a portion of the discharges across the gap 
without interruption of their continuity. 

4. In a system of signaling by electromag 
netic waves the combination of a sending-con 
ductor, a spark-gap having one of its termi 
nals in operative relation to the conductor and 
the other terminal grounded, a generator in 
operative relation to the spark-gap, and a re 
silient diaphragm ‘for moving one of the ter 
minals of the gap toward and from the other. 

5. In a system of signaling by electromag 
netic waves the combination of a sending-con 
ductor, a spark-gap having one of its termi 
nals in operative relation to the conductor and 
the other terminal grounded, a generator in 
operative relation to the spark-gap and a dia 
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phragm responsive to waves or in'ipulses for 
varying the spark-gap. 

6. In a system of signaling by electromag 
netic waves the combination of a sending-con 
ductor, a double spark~gap, one of the termi 
nals of the spark-gap operatively connected 
to the conductor and other terminal ground 
ed, a generator in operative relation to the 
spark - gap and a diaphragm responsive to 
waves or impulses connected to the third ter 
minal of the spark-gap. 

7. In a system of signaling by electromag 
netic waves the combination of a sending-con 
ductor, a high-frequency generator in opera 
tive relation to the conductor and means for 
varying the lield of the generator. 

8. In a system of signaling by electromag 
netic waves the combination of a semlingcon 
ductor, a high-:t'rcquency generator in opera 
tive relation to the conductor, and means con— 
trolled by a diaphragm responsive to waves or 
impulses for varying the held of the generator. 

9. In a system ‘for signaling by electromag 
netic waves the combination of means for the 
practically continuous generation of electro 
magnetic waves or impulses at a transmitting 
station and means at a local station for modi 
fying or changing the character of such waves 
without interruption of their continuity op 
eratively connected to wave-generating means 
at the transmitting-station. 

10. In a system of signaling by electromag 
netic waves the combination of means for the 
practically continuous generation of elcctrw 
magnetic waves or impulses at a transmitting 
station, means for changing or modifying the 
character of such waves or impulses without 
interruption of their continuity and means ‘for 
operating the wave changing or modifying 
means. 

11. In a system of signaling by electromag 
netic waves the combination of means for the 
practically continuous generation of electro 
magnetic waves or impulses, a diaphragm 
controlled means for changing the character 
of such waves or impulses without interrupt— 
ing their continuity, said elements being lo 
cated at a transmitting-station and means at 
a local station responsive to waves or impulses 
for operating the diaphragm. 

12. In a system of signaling by electromag 
netic waves the combination of means for the 
practically continuous generation of electro 
magnetic waves or impulses, a receiver-dia 
phragm for modifying the character of such 
waves or impulses and a transmitter electric 
ally controlling the receiver-diaphragm. 

13. In a system of signaling by electromag 
netic waves the combination of a sending-con 
ductor, a generator operatively connected to 
the conductor, a capacity for changing or 
modifying the character of radiations from 
the conductor, said elements being arranged 
at a transmitting-station and means at a local 
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\station and operatively connected to the ca 
pacity for varying the latter. _ 

14. In a system of signaling by electromag 
netic Waves the combination of means for the 
practically continuous generation of electro 
magnetic Waves or impulses at a main trans 
mitting-station, means at a local station for 
controlling the radiations from the transmit 
ting-station, a receiver at a main receiving 
station and a local indicating mechanism ‘con 
trolled by the receiver. 

15. As a means for the generation of elec 
tromagnetic Waves the combination of a high 
frequency generator and means for causing a 

5 number of electrical discharges differing from 

5 

the number of segments in the armature of 
the generator. 

16. As a means for the generation of elec 
tromagnetic Waves the combination of a high 
frequency generator, a disk rotating synchro 
nously with the armature of the generator 
with terminals double the number of segments 
in the armature and a terminal relation to the 
path of movement of the other terminal. 

In testimony whereof I have hereunto set 
my hand. . 

REGINALD A. FESSENDEN. 
Witnesses: 

THOMAS P. BROWN, 
LEONA FEATHERS. 
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